Introduction
Since the preparation of the first azide, phenyl azide, by Griess in 1866,"' both organic and inorganic azides have always been thought remarkable, especially for the symmetry of the azide ion and the wide range of stability of the compounds. The symmetrical linear azide ion, N;, occurs in ionic salts such as the alkali-metal azides; asymmetrical azide groups appear in covalently-bonded environments of organic azides.
All of the alkali-metal hydrogen difluorides are isostructural with the corresponding alkali-metal azides. At 300 K the sodium salts are rhombohedral and the potassium, rubidium, and cesium salts are tetragonal. The linear symmetrical anions of both the hydrogen difluorides and the azides possess 16 valence electrons. These structural similarities suggest that the thermal behavior of the corresponding hydrogen difluorides and azides should also be similar. The crystal structure of sodium azide is a distorted rhombohedral NaCl-type structure with space group R3m-D~d. ( 2) The distortion may be visualized by substituting an azide ion for a chloride ion in NaCl thus compressing the structure in one direction and extending it in the other. The structure of NaN, is that of a sandwich made up of alternating layers of sodium and azide ions; each species of ion is surrounded by six of the other species.
Sodium azide is known to undergo a phase transition at 292 Kc31 in contrast to the behavior observed in NaHF,, (4) where an anomaly observed in the heat capacity o This work has been supported in part by the National Science Foundation, Chemical Thermodynamics Contract GP-42525X.
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of NaHF, was ascertained to be due to contamination of the calorimetric sample by a slight excess of hydrogen fluoride.
Low-temperature adiabatic calorimetry permitted determination of the heat capacity of sodium azide and delineation of the energetics of the lattice transformation.
Experimental SAMPLE PREPARATION
AND CHARACTERIZATION Sodium azide (anhydrous) purchased from Matheson, Coleman, and Bell was reported to have a purity in excess of 98 mass per cent. The sample was first dissolved in water and then filtered to remove any insoluble impurities. The filtrate was then evaporated by heating until incipient crystallization occurred and then allowed slowly to cool to 300 K. The calorimetric sample was recrystallized from water three times. The thin tabular crystals that formed upon cooling were filtered, washed with pure ethanol, and then dried for several hours in an oven at 380 K and stored in a desiccator over calcium sulfate.
X-Ray diffraction analysis of hexagonally indexed sodium azide yielded lattice parameters which agree well with those of other investigators (see table 1 ). A complete tabulation, of the measured d-spacings for this sample has been reported previously") and is also available as a supplementary document.@)
The sodium content of sodium azide was determined gravimetrically,") by conversion to sodium sulfate subsequently fired to constant mass in a Lindberg furnace at 1140 K. Similarly treated sodium chloride served as a standard in the determination of sodium. CALORIMETRIC PROCEDURES Heat-capacity measurements on sodium azide were made in the Mark II cryostat previously described."')
The calorimeter (laboratory designation W-28, about 92 cm3 volume) used was a gold-plated thin-walled copper container with radial vanes to enhance thermal equilibration of the sample and container. The calorimetric sample of sodium azide had a mass of 41.0627 g and the heat capacity of the sample always exceeded 64 per cent of the total. Buoyancy corrections were based on a density for NaN3 of 1.84 g cmd3. Helium at a pressure of 44 Torrt at 300 K was 
TRANSITION
A detailed picture of the transition observed in sodium azide at (293.0 + 0.1) K is shown in figure 2 . The values of the enthalpy and entropy of transition were derived as follows. The estimated lattice heat capacity was extrapolated as indicated by the 275 and 305 K were calculated. The dashed line in figure 2 represents the C, values obtained in this fashion. The experimental heat capacity curve and the estimated lattice were then separately integrated (see table 3 ). To determine the enthalpy and entropy of transition, the difference between the two curves was taken. The lattice enthalpy (H(305 K) -H(275 K)) was determined to be 551.7 cal, mol-I. The resulting entropy and enthalpy of transition were found to be AS, = (0.008 + 0.001) cal,,, K-' mol-' and AH, = (2.91 + 0.55) cal,, mol-'.
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Different cooling rates through the transition had no effect on the overall enthalpy between 275 and 305 K. On a cooling curve through the transition region recorded as a function of time, the intersection of the slopes of the cooling lines taken above and below the transition was at about 293 K. This indicated that the transition was easily reversible and free of significant hysteresis.
The phase transition observed in this research was first detected by differential thermal analysis in 1957, *(w however, that work remains unpublished. Subsequent to the discovery of the phase transition in sodium azide, Bradley et aZ.(r3) were able to demonstrate the existence of the transition on the phase diagram at high pressures. High-pressure X-ray diffraction on crystalline powders showed a splitting of the diffraction lines (indicative of the transition) at approximately 250 MPa pressure.
Miller and King (3) observed a transition in sodium azide crystals doped with a mass fraction 5 x IO-6 of Mn+2 at (292 + 1) K by electron spin resonance (e.s.r. spectral scans) as a function of temperature. The change in crystal field as seen in the e.s.r. spectrum indicated a structural change in the host crystal. Their powder results were taken to indicate a reduction in symmetry from hexagonal to orthorhombic crystal structure upon reduction of temperature; however, their indexing of the low-temperature phase as orthorhombic was later demonstrated to be incorrect(") because too few powder lines were observed.
Satoh and Sogabe(r4) measured the mean specific heat capacity of sodium azide from 273 to 373 K with an ice calorimeter to ascertain the heat capacity contribution of nitrogen rather than to examine the transition. The heat capacity of sodium azide was measured by Fritzer and Torkar (ls) from 250 to 575 K by continuousheating adiabatic calorimetry. The reproducibility of their results was estimated to be about 0.3 per cent between 250 and 380 K, about 0.5 per cent between 380 and 470 K, and 0.8 per cent above 470 K. At temperatures between 100 and 350 K our present results have a reproducibility of 0.1 per cent. The authors did observe heat capacities higher than their precision indices in the vicinity of 293 K and attributed this to the transition reported by Miller and King.t3) Their method of obtaining results was not conducive to the accurate study of enthalpies of phase changes and, therefore, they did not directly measure the energy of the solid-to-solid transformation. They estimated AH, to be between 10 to 20 Cal,, mol-'.
Using both single crystals and powder samples, Pringle and Noakes,(") showed that the low-temperature form of NaN3 was monoclinic with space group C2/m. They proposed that the low-temperature phase be labelled 01 and the high-temperature form 8. They found that the anion units differ in their orientation along the hexagonal c-axis in phase a and in phase 8 and that one of the terminal nitrogen atoms comes closer to one sodium than to the other two. Hence, this distortion in transforming from the u-to the p-form upon reducing the temperature may be described mainly as one of shear of the Na atoms incorporating a contraction of the lattice along the monoclinic u-axis. The unit-cell volume (per molecule) decreases by about 2 per cent between 300 and 173 K.
Following the arguments presented by Pringle and Noakes,(") Iqbal(i6* "I demonstrated from Raman scattering experiments that the phase change in sodium azide may be of second-order character. The order-disorder mechanism in sodium tide is related to the disappearance of the barrier to angular reorientation of the azide ions with respect to the c-axis. The change in frequency of the Raman active librational mode as a function of temperature was shown to be indicative of a second-order phase transition.('@ Later work by Simonis and Hathaway('*) involved a Raman-spectral study of the phase transition in sodium azide. Their results did not conform with either the standard displacive or order-disorder types of second-order transitions; but were not conclusive due to the undetermined behavior of NaN, near the transition point.
Our present heat-capacity studies on sodium azide seem to indicate the phase transition to be of second order. This conclusion is based on a finite heat capacity of about 20 cal,, K-' mol-' at the peak of transition, together with the negligible change in volume (less than 0.1 per cent('s)) between CI-and fI-NaN3.
Lithium azide does not show the same type of structural behavior as sodium azide. Lithium azide was found to be isostructural with a-NaN,.(l') Since no polymorphic transformation was observed up to 1 GPa in LiN,, (13) the transformation in LiN, lies either at higher pressures or at temperatures above its decomposition temperature. Iqbal('6) has postulated, by analogy with NaN,, a phase transition occurring at 262 K for lithium azide. If this is true, the LiN3 phase below 262 K certainly is not isostructural with 01-or g-NaN,. If a low-temperature phase LiN, does appear at atmospheric pressure it may well be isostructural with a high-pressure sodium azide phase of unknown structure observed by Pistorius and White(lg) and designated NaN,-III.
Heat-capacity measurements on LiHFz over the temperature range 5 to 300 Kc4) do not indicate any structural modifications.
Although the similarities between the thermophysical properties of potassium, rubidium, and cesium azides and the corresponding hydrogen difluorides are striking,c5*6) these similarities seem not to extend to the sodium salts. One might postulate that the structural transition in NaHF, was obscured by the anomaly stemming from non-stoichiometry of the NaHF, sample. However, it was found possible to cool NaHF, only several kelvins below its thermal anomaly and measure heat capacities in the anomalous region which agreed with values interpolated from values adjacent to this region; these observations seem to exclude the occurrence of a structural change in NaHF, in this temperature region. Hence, although the entropy at 298.15 K for NaHFz is 21.73 Cal,, K-' mol-1,(4) in comparison with the corresponding entropy for NaN3 (23.15 Cal, K-' mol-'), a discrepancy of about 7 per cent (which approximates R In 2), the X-ray diffraction datac2') on NaHF, do not suggest a basis for ascribing residual entropy to NaHF,.
